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PREPARATION OF SERINE-N,N-DIACETIC ACID
AND DERIVATIVES AS COMPLEXING AGENTS
AND DETERGENTS CONTAINING SAME

The present invention relates to processes for prepar-
ing serine-N,N-diacetic acid and derivatives thereof, to
the use thereof in particular as complexing agents, to
detergents containing same, and to the intermediate
sertne-N,N-diacetonitrile for the preparation of serine-
N,N-diacetic acid and salts thereof.

Complexing agents for alkaline earth and other metal
1ons, for example of calcium, magnesium, iron, manga-
nese and copper, are required for a wide range of tech-
nical fields.

Examples of fields of application and end-uses are
detergents in general industry, in electroplating, in
water treatment and in polymerizations, the photo-
graphic industry, the textile industry and the paper
industry and also various uses in pharmaceuticals, cos-
metics, foodstuffs and plant nutrition.

Examples of conventional acknowledged complexing
agents, in particular for detergents, are nitrilotriacetic
acid (NTA), ethylenediaminetetraacetic acid (EDTA),
ethylenediaminetetramethylenephosphonic acid
(EDTMP), propylenediaminetetraacetic acid (PDTA),
hydroxypropylenediaminetetraacetic acid (HPDTA),
hydroxyethanediphosphonic acid, diethylene-
triaminetetraacetic acid, diethylenetriaminetetrame-
thylenephosphonic acid, hydroxyethylimino-, diacetic
acid, hydroxyethylethylenediaminetriacetic acid dieth-
ylenetriaminepentaacetic acid and also for example
diethanolglycine, ethanolglycine, citric acid, glucohep-
tonic acid or tartaric acid, as found for example under
the heading of Waschmittel in Ullmann’s Encyklopadie
der technischen Chemie, 4th edition, volume 24, pages
63-160, 1in particular pages 91-96, Verlag Chemie,
Weinheim, 1983.

‘The action of the existing compounds, some of which
are used on a large scale, 1s not always optimal in a
particular case. For instance, NTA makes a very good
complexing agent and, in detergents, a fairly good
builder for improving the whitening effect and for pre-
venting deposits which cause incrustations and graying
on the fabric. However, its performance as a bleaching
agent stabilizer 1s comparatively poor. Even EDTA,
despite its good complexing action toward heavy met-
als, 1s only a moderate bleaching agent stabilizer in
detergents.

In some cases, the biodegradability also leaves some-
thing to be desired. For instance, EDTA turns out to be
insufficiently biodegradable 1n conventional tests, as do
PDTA, HPDTA and corresponding aminomethylene-
phosphonates which, furthermore, are frequently unde-
sirable on account of their phosphorus content.

- A paper by L. Erdey et al. in Acta Chim. Hung. 21
(1959), 327-32, describes the complexing propertles of
2,3-dihydroxypropylamine-N,N-diacetic acid, serine-
N,N-diacetic acid prepared from D,L-serine and chlor-
acetic acid, and L-glutamic-N,N-diacetic acid with re-
gard to the stability of complexes formed with alkaline
earth metal ions. In respect of the serine-N,N-diacetic
acid complexes formed with alkaline earth metal 10ns 1t
is stated in said paper that their stability is lower than
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expected since it was thought that the stability ratings of 65

nitrilotriacetic acid should be obtainable.
The usefulness of these compounds as auxiliary com-
plexing agents was studied by adding them to zinc,

2

iron(1II), copper and nickel solutions, in each case at pH
13.5, and also to aluminum solutions at pH 7. In respect
of serine-N,N-diacetic acid it is found here that it keeps
zinc and copper 1ons in solution at a molar ratio of metal
ion:complexing agent of 1:2, excess metal ions being
precipitated. It is stated as a summarizing result that the
investigated compounds have only very limited useful-
ness as volumetric solutions, i.e. for the analysis of alka-
line earth metal solutions, and that they may be of use as
auxiliary complexing agents for heavy metal ions.

The lack of complexing power evident from these
results does not suggest to the skilled worker that he
should prepare serine-N,N-diacetic acid and 1its deriva-
tives and use them as complexing agents.

It is an object of the present invention to provide a
novel complexing agent for alkaline earth metal and
heavy metal ions for a wide range of technical fields, in
particular for detergents, which, in addition to having
good complexing properties, 1s ecologically safe, ideally
contains no phosphorus and is readily biodegradable. A
further object 1s to develop an industrially advanta-
geous process for preparing said new complexing
agents.

We have found that these objects are achieved with
serine-N,N-diacetic acid which in the form of the free
acid or in particular the sodium, potassium, ammonium
or organic amine salts is an excellent complexing agent
for calcium, magnesium and also iron, copper, nickel
and manganese 1ons while the actd derivatives, in par-
ticular amides, esters and nitriles, are preferred interme-
diates for preparing the acid and its salts.

The present invention accordingly provides a process
for preparing compounds of the formuia I

N(CH;=Y), (1)

/
HO—CH>—CH

N\
COX

where Y is a —COOH radical, which may be present in
the form of an alkali metal, ammonium or substituted
ammonium salt, or a —CN radical, and X is hydroxyl, in
which case the then resulting carboxyl may be present
in the form of an alkali metal, ammonium or substituted
ammonium salt, or an —NR3R#* radical where R3 and
R4 are identical or different and each is hydrogen or
alkyl of 1 to 4 carbon atoms, by reacting | mole of serine
(3-hydroxy-2-aminopropionic acid), if desired in the
form of an alkali metal salt or of the amide, unsubsti-
tuted or mono- or disubstituted on the amide nitrogen
by alkyl of 1 to 4 carbon atoms, in water, 1n an organic
solvent or in a mixture thereof with from 2.0 to 2.6
moles of formaldehyde and from 2.0 to 2.3 moles of
liquid hydrocyanic acid at from 0° to 45° C. or with
from 2.0 to 2.3 moles of alkali metal cyanide at from 40°
to 100° C. and hydrolyzing any amide and nitrile groups
present in the presence of an acid or base and as desired
isolating the free acid or a salt conforming to the tfor-
mula 1.

Specific examples are the free serine-N,N-diacetic
acid, the sodium, potassium and ammonium salts, in
particular the trisodium, tripotassium and triammonium
salt, and also organic triamine salts containing a tertiary
nitrogen atom.

The organic amine saits can be derived from bases
comprising in particular tertiary amines, such as trial-
kylamines of 1 to 4 carbon atoms 1n the alkyl, such as
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trimethylamine and triethylamine, and trialkanolamines
having 2 or 3 carbon atoms in the alkanol moiety, pref-
erably triethanolamine and tripropanolamine.

The preferred starting compound is serine in the form
of 1ts racemic mixture and if desired in the form of the
sodium, potassium or ammonium salt.

The reaction is preferably carried out in the conven-
tional manner of a Strecker synthesis; cf. Houben-Weyl,

vol. 11/2, pp. 408-412 (1958), Thieme-Verlag, Stutt-
gart.

The solvents used are preferably water or water-mis-
cible organic solvents, such as methanol, ethanol, n-
propanol, isopropanol, tertiary butanol, dioxane and

tetrahydrofuran. It is also possible to use mixtures of

these organic solvents with each other or with water. In
the case of aqueous mixtures, advantageously a quantity
of water 1s admixed with from 10 to 70% of its weight
of organic solvent.

The concentration of the starting compounds in the
particular solvent is advantageously 10-809 by weight,
preferably 20-70% by weight.

In a convenient and preferred process, the sodium or
potassium salt of serine is reacted in one of the above-
mentioned solvents or solvent mixtures, preferably in an
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aqueous solution, with the formaldehyde in the form of 25

an aqueous approximately 30% strength by weight
solution thereof and the liquid hydrocyanic acid prefer-
ably at from 15° to 25° C.

The reaction with an alkali metal cyanide, in particu-

lar sodium cyanide or potassium cyanide, in place of 30

liquid cyanic acid is preferably carried out at from 70°
to 100° C.

The reaction with liquid hydrocyanic acid is advanta-
geously carried out in the pH range from O to 11, prefer-
ably from 3 to 9, which ranges can be set as appropriate
with an acid or base.

The serine-N,N-diacetonitrile intermediate which is
formed has hitherto not been described in the literature.

In general, the nitrile and any ester or amide groups
present are subsequently hydrolyzed to the carboxylic
acid 1 a conventional manner in an aqueous reaction
mixture in the presence of an alkali, such as sodium
hydroxide or potassium hydroxide, or of an acid, such
as sulfuric acid or hydrochloric acid, with or without
the addition of water.

This hydrolysis is advantageously carried out at from
20° to 110° C., preferably at from 40° to 100° C., in the
presence of a possibly small excess of base or acid. De-
pending on the reaction conditions, the product ob-
tained is preferably serine-N,N-diacetic acid or an alkali
metal salt. Subsequently, it presents no problem to pre-
pare a salt with another cation.

If necessary, it is also possible, conversely, to turn the
acid obtained in acid derivative in a conventional man-
ner.

The compounds of the formula I can be isolated in a
pure form without difficulties. Suitable ways of obtain-
ing the free acid and the salts are in particular spray or
freeze drying, crystallization or precipitation. It can be
advantageous to use the solution obtained directly in an
industrial application.

Furthermore, the compounds of the formula I where
the —COX radical 1s additionally a nitrile group, serine-
N,N-diacetic acid or salts thereof can be prepared by

reacting glycolaldehyde with a compound of the for-
muia II
HN(CHy—Y)a I1
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where Y has the meanings indicated for the formula I or
additionally can be a —COOQOR! radical where R! is
alkyl of 1 to 4 carbon atoms, and with liquid hydrocy-
anic acid or an alkali metal cyanide in water, in an or-
ganic solvent or in a mixture thereof at from 10° to 100°
C. and as desired hydrolyzing the nitrile groups and any
amide or ester groups present in the presence of an acid
or base and as desired 1solating the free acid or a salt
conforming to the formula I.

Preferably, this process is used to prepare serine-N,N-
diacetic acid and its salts.

The starting compounds of the formula II are known
Oor can be prepared in a conventional manner without
special problems. Starting compounds of the formula II
are preferably iminodiacetic acid, if desired in the form
of the mono- or di-sodium, -potassium or -ammonium
salts, iminodiacetonitrile, methyl iminodiacetate and
ethyl iminodiacetate.

In general, the same reaction conditions and molar
rat10s apply as for the process described above where
formaldehyde is present as a starting compound.

A compound of the formula II, glycolaldehyde, lig-
uid hydrocyanic acid, sodium cyanide or potassium
cyanide are preferably reacted in a molar ratio of 1:1:1.

The reaction is conveniently carried out in such a
way that glycolaldehyde, liquid hydrocyanic acid and a
compound of the formula I, preferably in aqueous
solution, are converted into a compound of the formula
[ as intermediate where —COX is nitrile which is subse-
quently hydrolyzed in the abovementioned manner.

However, it 1s also possible to carry out the reaction
of glycolaldehyde with an alkali metal cyanide and a
compound of the formula II preferably in aqueous solu-
tion in such a way that the nitrile group is hydrolyzed
during the reaction.

As for the rest, the abovementioned solvents and
solvent mixtures can be used.

Advantageous ranges for the reactions with glyco-
laldehyde are pH 0-13, preferably 0.5-9, and 10°-100°
C., preferably 10°-60° C.

The hydrolysis of the nitrile group and of any amide
or ester groups present is conveniently carried out as
described above at from 20° to 110° C., preferably at
from 40° to 100° C., in the presence of a possibly small
excess of base or acid.

In a third process of preparation, the compounds of
the formula I where Y and —COX are nitrile, the se-
rine-N,N-diacetic acid and salts thereof are prepared by
reacting nitrilotriacetonitrile with formaldehyde in the
presence of a base catalyst within a pH range from 7.5
to 12 at from 0° to 100° C., as desired hydrolyzing the
nitrile groups in the presence of an acid or base and as
desired 1solating the free acid or a salt of the formula 1.

This process comprises a conventional base-catalyzed
aldol addition of formaldehyde onto an acidic CH com-
pound.

Formaldehyde, preferably in the form of the aqueous
solution of about 30% strength by weight, and nitrilo-
triacetonitrile are reacted in a molar ratio from 1:1 to
5:1, preferably from 1:1 to 3:1, in 2a monohydric alcohol
of 1 to 4 carbon atoms, tetrahydrofuran, dioxane or
water or a mixture thereof as solvent. The preferred
solvents, besides water, are lower alcohols, such as
methanol, ethanol or propanol.

Convenient bases for use as catalyst are tertiary ali-
phatic amines, in particular trialkylamines and trialk-
anolamines, such as triethylamine or triethanolamine,
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alkaline earth metal hydroxides, in particular calcium
hydroxide and magnesium hydroxide, alkali metal hy-
droxides, such as sodium hydroxide and potassium hy-
droxide, alkali metal carbonates, such as sodium carbon-
ate and potassium carbonate, and also strong basic syn-
thetic resin anion exchangers in the OH form.

In the presence of catalytic amounts of base the reac-
tion is carried out in a pH range from 7.5 to 12, prefera-
bly from 8.5 to 11, at from 0° to 100° C., preferably at
from 25° to 80° C.

The subsequent hydrolysis, if any, of the nitrile
groups and the preparation and isolation of the salts is
carried out as described above.

The processes of preparation according to the inven-
tton have the advantage over existing processes, in par-
ticular for the preparation of serine-N,N-diacetic acid
and salts thereof, that virtually no inorganic salts are
produced. Because the starting compounds are readily
available, the invention thus provides remarkably favor-
able industrial processes.

Serine-N,N-diacetic acid and salts thereof as pre-
pared by the invention are highty suitable for complex-
ing alkaline earth metal and heavy metal ions, in partic-
ular calcium, magnesium and also iron, copper, nickel
and manganese ions. Owing to this capability, they have
a large number of possible uses in industry. Since they

are compounds which are readily biodegradable, they

can be used in large amounts wherever wastewaters
need to be treated and, what is more, phosphorus-con-
taining compounds are to be avoided.

In detergents the complexing agents according to the
invention can be used to control the level of free heavy
metal 1ons in the detergents themselves and in wash
liquors prepared therefrom. The amount used if used as
a complexing agent 1s advantageously from 0.1 to 2%,
based on the total weight of the detergent constituents.

Their advantageous action also includes bleaching
agent stabilization, for example for sodium perborate, in
detergents and in the bleaching of textiles, pulp or paper
stock. Traces of heavy metals, such as iron, copper and
manganese, are present in the washing powder itself, in
the water and in the textile material and they catalyze
the decomposition of the sodium perborate. The com-
plexing agents according to the invention bind these
metal ions and prevent the undesirable decomposition
of the bleaching system during storage and in the wash
liquor. This enhances the efficiency of the bleaching
system and reduces fiber damage.

In addition, enzymes, optical brighteners and scents
are protected from heavy metal catalyzed oxidative
decomposition.

In liquid detergent formulations the novel complex-
ing agents can be used as preservatives advantageously
in an amount from 0.05 to 1% by weight, based on the
total weight of the detergent formulation.

In soaps the novel complexing agents prevent for
example metal catalyzed oxidative decompositions.

Furthermore, they give excellent performance in
detergents as builders for preventing precipitates and
incrustations on the fabric.

They can be used with advantage wherever in indus-
trial processes precipitates of Ca, Mg and heavy metal
salts are a nuisance and are to be prevented. So they are
used for example for preventing scale deposits and in-
crustations in kettles, pipelines, spray nozzles or gener-
ally on smooth surfaces.

"They can be used for stabilizing phosphates in alka-
line degreasing baths and to prevent the precipitation of
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lime soaps and as a result prevent the tarnishing of non-
ferrous surfaces and prolong the service lives of alkaline
cleaning baths.

They can be used as complexing agents in alkaline
derusting and descaling baths and also in electroplating
baths in place of cyanides as sequestrants of impurities.

The treatment of cooling water with the novel com-
plexing agents prevents and redissolves scale deposits.
Of advantage is the use in an alkaline medium, thereby
removing corrosion problems.

In the polymerization of rubber they can be used for
preparing the redox catalysts used therein. They addi-
tionally prevent the precipitation of iron hydroxide in
the alkaline polymerization medium.

In the photographic industry the novel complexing
agents can be used in developer/fixing baths made up
with hard water to prevent the precipitation of spar-
ingly soluble Ca- and Mg-saits. The precipitations lead
to fogging on films and photographs and also to depos-
its in the tanks, which are thus advantageously avoid-
able. Iron(III)-complexing solutions can advanta-
geously be used in bleach fixing baths to replace the
ecologically unsafe hexacyanoferrate solutions.

In the textile industry they can be used for removing
heavy metal traces during the manufacture and dyeing
of natural and synthetic fibers, thereby preventing many
problems, such as dirt spots and stripes on the textile
material, loss of luster, poor wettability, unlevelness and
off-shade dyeings.

In the paper industry they can be used for eliminating
heavy metal/iron 1ons. Iron deposits on paper lead to
hot spots where the oxidative, catalytic decomposition
of the cellulose starts.

Examples of various uses are applications in pharma-
ceuticals, cosmetics and foodstuffs where the metal
catalyzed oxidation of olefinic double bonds and hence
the rancidification of goods 1s prevented.

In plant nutrition, heavy metal deficiencies are reme-
died by using Cu, Fe, Mn, Zn complexes. The heavy
metals are added as chelates to prevent their precipita-
tion in the form of biologically inactive, insoluble salts.

Further fields of application for the novel complexing
agents are flue gas washing, specifically the removal of
NO, from flue gases, H;S oxidation, metal extraction
and uses as catalysts for organic syntheses (for example
air oxidation of paraffins, hydroformylation of olefins to
alcohols).

The complexing agents for alkaline earth metal and
heavy metal ions according to the invention are used as
complexing agents in general and specifically 1n deter-
gents and also rinse and wash assistants, 1n particular as
complexing agents for heavy metal and/or alkaline
earth metal ions, as bleaching agent stabilizers and as
builders.

The present invention accordingly provides the cor-
responding uses and detergents which contain these
compounds as well as the customary constituents
known to those skilled in the art.

The compounds to be used according to the invention
are used In detergent formulations in general in an
amount from 0.01 to 20% by weight, preferably from
0.05 to 10% by weight, based on the total weight of the
detergent formulation.

If specifically used as a builder, amounts from 1 to
10% by weight are particularly preferred, while 1if spe-
cifically used as a bleaching agent stabilizer for perbo-
rates, amounts from 0.05 to 1% by weight are particu-
larly preferred. If used specifically as a complexing
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agent in detergents, amounts from 0.01 to 2% by weight
are preferred.

Detergent formulations which, based on the total
weight, contain from 0.01 to 20, preferably from 0.05 to
10, % by weight of compound to be used according to
the invention generally contain as additional constitu-
ents, based on the total weight, from 6 to 25% by
weight of surfactants, from 15 to 50% by weight of
builders with or without cobuilders, from 5 to 35% by
weight of bleaching agents with or without bleaching
agent activators, and from 3 to 30% by weight of assis-
tants, such as enzymes, foam regulants, corrosion inhibi-
tors, optical brighteners, scents, dyes or formulation
aids, e.g., sodium sulfate.

The compounds according to the invention can also
be used as complexing agents, builders and bleaching
agent stabilizers in detergent formulations together with
other, prior art agents, in which case the general prop-
erties can be substantially improved in respect of se-
questration, incrustation inhibition, primary washing
action and bleaching action.

In what follows, the customary constituents of deter-

gent formulations referred to above in general terms are
recited in terms of examples:

Suitable surfactants are those which contain in the

molecule one or more hydrophobic organic radicals and
one or more water-solubilizing anionic, zwitterionic or
nonionic groups. The hydrophobic radicals usually are
aliphatic hydrocarbyl of 8 to 26, preferably 10 to 22, in
particular 12 to 18, carbon atoms or aromatic alkyl
having 6 to 18, preferably 8 to 16, aliphatic carbon
atoms.

Suitable synthetic anionic surfactants are in particular
those of the sulfonate, sulfate or synthetic carboxylate

type.

Suitable surfactants of the suifonate type are alkyi-
benzenesulfonates having 4 to 15 carbon atoms in the
alkyl, mixtures of alkene- and hydroxyalkane-sulfonates
and also -disulfonates as obtained for example from
monoolefins having a terminal or nonterminal double
bond by sulfonation with gaseous sulfur trioxide and
subsequent alkaline or acid hydrolysis of the sulfonation
products. Also suitable are alkanesulfonates obtainable
from alkanes by sulfochlorination or sulfoxidation and
subsequent hydrolysis or neutralization or by bisulfite
addition onto olefins. Further useful surfactants of the
sulfonate type are the esters of a-sulfo fatty acids, for
example the a-sulfonic acids of hydrogenated methyl or
ethyl esters, esters of coconut, palm kernel or tallow fat
acid.

Suitable surfactants of the sulfate type are the suifuric
monoesters of primary alcohols, for example coconut
fat alcohols, tallow fat alcohols or oleyl alcohol, and
those of secondary alcohols. Also suitable are sulfated
fatty acid alkanolamines, fatty acid monoglycerides or
reaction products of from ! to 4 moles of ethylene oxide
with primary or secondary fatty alcohols or alkylphen-
ols.

Further suitable anionic surfactants are the fatty acid
esters or fatty amides of hydroxy- or amino-carboxylic
or -sulfonic acids, for example the fatty acid sarcosides,
glycolates, lactates, taurides or isothionates.

Anionic surfactants can be present in the form of their
sodium, potassium and ammonium saits and also as

soluble salts of organic bases, such as mono-, di- or

triethanolamine. Also possible are ordinary soaps, i.e.
salts of natural fatty acids.
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Suitable nonionic surfactants (nonionics) are for ex-
ample adducts of from 3 to 40, preferably 4 to 20, moles
of ethylene oxide on | mole of fatty alcohol, alkyl-
phenol, fatty acid, fatty amine, fatty acid amide or al-
kanesulfonamide. Of particular importance are the ad-
ducts of from 5 to 16 moles of ethylene oxide on coco-
nut or tallow fat alcohols, on oleyl alcohol or on syn-
thetic alcohols of 8 to 18, preferably 12 to 18, carbon
atoms, and also on mono- or dialkylphenols of 6 to 14
carbon atoms in the alkyl(s). Besides these water-soluble
nonionics, however, it 1s also possible to use water-
insoluble or incompletely water-soluble polyglycol
ethers having 1 to 4 ethylene glycol ether radicals in the
molecule, in particular if used together with water-solu-
ble nonionic or anionic surfactants.

Further suitable nontonic surfactants are the water-
soluble adducts of ethylene oxide on propylene glycol
ether, alkylenediaminopolypropylene glycol and alkyl-
polypropylene glycol having 1 to 10 carbon atoms in
the alkyl chain which contain from 20 to 250 ethylene
glycol ether groups and from 10 to 100 propylene gly-
col ether groups and where the polypropylene glycol
ether chain acts as a hydrophobic radical.

It 1s also possible to use nonionic surfactants of the
amine oxide or sulfoxide type.

The foaming power of surfactants can be enhanced or
reduced by combining suitable types of surfactants. A
reduction can also be obtained by adding nonsurfactant-
like organic substances.

Suitable builder substances are for example: wash
alkalis, such as sodium carbonate and sodium silicate, or
complexing agents, such as phosphates, or ion exchang-
ers, such as zeolites, and mixtures thereof. These builder
substances have as their function to eliminate the hard-
ness ions, which come partly from the water, partly
from dirt or the textile material, and to support the
surfactant action. Aside from the abovementioned
builder substances, the builder component may further
contain cobuilders. In modern detergents, it is the func-
tion of cobuilders to undertake some of the functions of
phosphates, e.g.. sequestration, soil antiredeposition and
primary and secondary washing action.

The builder components may contain for example
water-insoluble silicates as described for example in
German Laid-Open Application DE-OS No. 2,412,837
and/or phosphates. As phosphate it 1s possible to use
pyrophosphate, triphosphate, higher polyphosphates
and metaphosphates. Similarly, phosphorus-containing
organic complexing agents, such as alkanepolyphos-
phonic acids, amino- and hydroxy-alkanepolyphos-
phonic acids and phosphonocarboxylic acids, are suit-
able for use as further detergent ingredients. Examples
of such detergent additives are the following com-
pounds: methanediphosphonic acid, propane-1,2,3-tri-
phosphonic acid, butane-1,2,3,4-tetraphosphonic acid,
polyvinylphosphonic acid, l-aminoethane-1,1-diphos-
phonic acid, l-amino-l-phenyl-1,1-diphosphonic acid,
aminotrismethylenetriphosphonic acid, methylamino-
or ethylamino-bismethylenediphosphonic acid,
ethylenediaminetetramethylenetetraphosphonic  acid,
diethylenetriamino  pentamethylenepentaphosphonic
acid, 1-hydroxyethane-1,1-diphosphonic acid, phos-
phonoacetic and phosphonopropionic acid, copolymers
of vinylphosphonic acid and acrylic and/or maleic acid
and also partially or completely neutralized salts
thereotf.

Further organic compounds which act as complexing
agents for calcium and may be present in detergent
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formulations are polycarboxylic acids, hydroxycar-
boxylic acids and aminocarboxylic acids which are
usually used in the form of their water-soluble salts.

Examples of polycarboxylic acids are dicarboxylic
acids of the general formula HOOC—(CHj3),,—COOH
where m i1s 0-8, and also maleic acid, methylenemalonic
acid, citraconic acid, mesaconic acid, itaconic acid,
noncyclic polycarboxylic acids having 3 or more car-
boxyl groups in the molecule, e.g.. tricarballylic acid,
aconitic acid, ethylenetetracarboxylic acid, 1,1,3-
propanetetracarboxylic acid, 1,1,3,3,5,5-pentanehex-
acarboxylic acid, hexane-hexacarboxylic acid, cyclic di-
or polycarboxylic acids, e.g. cyclopentanetetracarboxy-
lic acid, cyclohexanehexa-carboxylic acid, tetrahy-
drofurantetracarboxylic acid, phthalic acid, tereph-
thalic acid, benzene-tricarboxylic, -tetracarboxylic or
-pentacarboxylic acid and mellitic acid.

Examples of hydroxymonocarboxylic and hydrox-
ypolycarboxylic acids are glycollic acid, lactic acid,
malic acid, tartronic acid, methyltartronic acid, glu-
conic acid, glyceric acid, citric acid, tartaric acid and
salicylic acid.

Examples of aminocarboxylic acids are glycine, glyc-
ylglycine, alanine, asparagine, glutamic acid, aminoben-
zoic acid, iminodiacetic acid, iminotriacetic acid, hy-
droxyethyliminodiacetic acid, ethylenediaminotetraa-
cetic acid, hydroxyethylethylenediaminetriacetic acid,
diethylenetriaminepentaacetic acid and higher homo-
logues which are preparable by polymerization of an
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N-aziridylcarboxylic acid derivative, for example of 30

acetic acid, succinic acid or tricarballylic acid, and
subsequent hydrolysis, or by condensation of poly-
amines having a molecular weight of from 500 to 10,000
with salts of chloroacetic or bromoacetic acid.

Preferred cobuilder substances are polymeric carbox-
ylic acids. These polymeric carboxylic acids shall in-
clude the carboxymethyl ethers of sugars, of starch and
of cellulose.

Particularly important polymeric carboxylic acids
are for example the polymers of acrylic acid, maleic
acild, ltaconic acid, mesaconic acid, aconitic acid, me-
thylenemalonic acid, citraconic acid and the like, the
copolymers between the aforementioned carboxylic
acids, for example a copolymer of acrylic acid and ma-

35

leic acid in a ratio of 70:30 and having a molecular 45

weilght of 70,000, or copolymers thereof with ethyleni-
cally unsaturated compounds, such as ethylene, propy-
lene, isobutylene, vinyl alcohol, vinyl methyl ether,
furan, acrolein, vinyl acetate, acrylamide, acrylonitrile,
methacrylic acid, crotonic acid and the like, e.g.. the 1:1
copolymers of maleic anhydride and methyl vinyl ether
having a molecular weight of 70,000 or the copolymers
of maleic anhydride and ethylene and/or propylene
and/or furan.

The cobuilders may further contain soil antiredeposi-
tion agents which keep the dirt detached from the fiber
in suspension in the liquor and thus inhibit graying.
Suitable for this purpose are water-soluble colloids usu-
ally of an organic nature, for example the water-soluble

50
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salts of polymeric carboxylic acids, glue, gelatin, salts of 60

ethercarboxylic acids or ethersulfonic acids of starch
and of cellulose or salts of acid sulfates of cellulose and
of starch. Even water-soluble polyamides containing
acid groups are suitable for this purpose. It is also possi-
ble to use soluble starch products and starch products
other than those mentioned above, for example de-
graded starch, aldehyde starches and the like. Polyvi-
nylpyrrolidone is also usable.

65
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Bleaching agents are in particular hydrogen peroxide
and derivatives thereof or available chlorine com-
pounds. Of the bleaching agent compounds which pro-
vide H70O» 1n water, sodium perborate hydrates, such as
NaBQO;-H,0,-3H>0O and NaBO»-H>O», are of particular
importance. However, it is also possible to use other
H>0,-providing borates. These compounds can be re-
placed in part or in full by other sources of active oxy-
gen, in particular by peroxyhydrates, such as peroxy-
carbonates, peroxyphosphonates, citrate perhydrates,
urea-H,O> or melamine-H>O3 compounds and also by
H>Os-providing peracid salts, for example caroates,
perbenzoates or peroxyphthalates.

Aside from those according to the invention, custom-
ary water-soluble and/or water-insoluble stabilizers for
peroxy compounds can be incorporated together with
the former 1n amounts from 0.25 to 10% by weight,
based on the peroxy compound. Suitable water-insolu-
ble stabilizers are the magnesium silicates MgO:SiO;
from 4:1 to 1:4, preferably from 2:1 to 1:2, in particular
1:1, in composition usually obtained by precipitation
from aqueous solutions. In their place 1t is also possible
to use other alkaline earth metals of corresponding
composition.

To obtain a satisfactory bleaching action even in
washing at below 80° C.,, in particular in the range from
60° to 40° C., 1t 1s advantageous to incorporate bleach
activators in the detergent, advantageously in an
amount from 5 to 30% by weight, based on the HyO»-
providing compound.

Activators for per-compounds which provide HoO»
in water are certain N-acyl and O-acyl compounds, in
particular acetyl, propionyl or benzyl compounds,
which form organic peracids with H»O; and also car-
bonic and pyrocarbonic esters. Useful compounds are
inter alia:

N-diacylated and N,N’-tetraacylated amines, e.g..
N,N,N’,N’-tetraacetyl-methylenediamine or -ethylene-
diamine, N,N-diacetylaniline and N,N-diacetyl-p-tolut-
dine, and 1,3-diacylated hydantoins, alkyl-N-sulfonyl-
carboxamides, N-acylated cyclic hydrazides, acylated
triazoles or urazoles, e.g.. monoacetylmaleohydrazide,
O,N,N-trisubstituted hydroxylamines, e.g.. O-benzoyl-
N,N-succinylhydroxylamine, O-acetyl-N,N-succinyl-
hydroxylamine, O-p-methoxybenzoyl-N,N-succinyihy-
droxylamine, O-p-nitrobenzoyl-N,N-succinylhydrox-
ylamine and O,N,N-triacetylhydroxylamine, carboxylic
anhydrides, e.g.. benzoic anhydride, m-chlorobenzoic
anhydride, phthalic anhydride and 4-chlorophthalic
anhydride, sugar esters, e.g.. glucose pentaacetate,
imidazolidine derivatives, such as 1,3-diformyl-4,5-
diacetoxyimidazolidine, 1,3-diacetyl-4,5-d1acetox-
yimidazolidine and 1,3-diacetyl-4,5-dipropionylox-
yimidazolidine, acylated glycolurils, e.g.. tetrapro-
pionylglycoluril or diacetyldibenzoylglycoluril, dialk-
ylated 2,5-diketopiperazines, e.g.. l,4-diacetyl-2,5-
diketopiperazine, 1,4-dipropionyl-2,5-diketopiperazine
and 1,4-dipropionyl-3,6-dimethyl-2,5-diketopiperazine,
acetylation and benzoylation products of propylenedi-
urea or 2,2-dimethylpropylenediurea,

the sodium salt of p-(ethoxycarbonyloxy)benzoic
acid and of p-(propoxycarbonyloxy)benzenesulfonic
actd and also the sodium salts of alkylated or acylated
phenolsulfonic esters, such as p-acetoxybenzenesulfonic
acid, 2-acetoxy-5-nonylbenzenesulfonic acid, 2-acetoxy-
S-propylbenzenesulfonic acid or of isononanoyloxyphe-
nylsulfonic acid.
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The bleaching agents used can also be active chlorine
compounds of the inorganic or organic type. Inorganic
active chlorine compounds include alkali metal hypo-
chlorites which can be used in particular in the form of
their mixed salts and adducts on orthophosphates or
condensed phosphates, for example on pyrophosphates
and polyphosphates or on alkali metal silicates. If the
detergent contains monopersulfates and chlorides, ac-
tive chionne will form in aqueous solution.

Organic active chlorine compounds are in particular
the N-chlorine compounds where one or two chlorine
atoms are bonded to a nitrogen atom and where prefera-

bly the third valence of the nitrogen atom leads to a
negative group, in particular to a CO or SO; group.
These compounds include dichlorocyanuric and tri-
chlorocyanuric acid and their salts, chlorinated alkyl-
guanides or alkylbiguanides, chlorinated hydantoins
and chlorinated melamines.

Examples of additional assistants are: Suitable foam

regulants, in particular if surfactants of the sulfonate or
sulfate type are used, are surface-active carboxybetaines
or sulfobetaines and also the abovementioned nonionics
of the alkylolamide type. Also suitable for this purpose
are fatty alcohols or higher terminal diols.

Reduced foaming, which is desirable in particular for
machine washing, is frequently obtained by combining
various types of surfactants, for example sulfates and/or
sulfonates, with nonionics and/or with soaps. In the
case of soaps, the foam inhibition increases with the
degree of saturation and the number of carbon atoms of
the fatty acid ester; soaps of saturated Cio-Cag-fatty
acids, therefore, are particularly suitable for use as foam
inhib1tors.

The nonsurfactantlike foam inhibitors include possi-
bly chlorine-containing N-alkylated aminotriazines
which are obtained by reacting | mole of cyanuric chlo-
ride with from 2 to 3 moles of a mono- and/or dialkyla-
mine having 6 to 20, preferably 8 to 18, carbon atoms in
the alkyl. A similar effect is possessed by propoxylated
and/or butoxylated aminotriazines, for example prod-
ucts obtained by addition of from 5 to 10 moles of prop-
ylene oxide onto 1 mole of melamine and further addi-
tion of from 10 to 50 moles of butylene oxide onto this
propylene oxide derivative.

QOther suitable nonsurfactantlike foam inhibitors are
water-insoluble organic compounds, such as paraffins
or haloparaffins having melting points below 100° C.,
aliphatic C;g- to Cyp-ketones and also aliphatic carbox-
ylic esters which, in the acid or in the alcohol moiety,
possibly even both these moieties, contain not less than
18 carbon atoms (for example triglycerides or fatty acid
fatty alcohol esters); they can be used in particular in
combinations of surfactants of the sulfate and/or sulfo-
nate type with soaps for foam inhibition.

The detergents may contain optical brighteners for
cotton, for polyamide, for polyacrylonitrile or for poly-
ester fabrics. Examples of suitable optical brighteners
are derivatives of diaminostilbenedisulfonic acid for
cotton, dertvatives of 1,3-diarylpyrazolines for polyam-
ide, quaternary salts of 7-methoxy-2-benzimidazol-2'-yl-
benzofuran or of derivatives from the class of the 7-
[1°,2°,5-triazol-1'-yl]-3-[1",2" 4" -triazol-1"'-yl]Jcouma-
rins for polyacrylonitrile. Examples of brighteners suit-
able for polyester are products of the class of the substi-
tuted styryls, ethylenes, thiophenes, naphthalenedicar-
boxvlic acids or denivatives thereof, stilbenes, couma-
rins and naphthalimides.
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Further possible assistants or formulation aids are the
conventional substances known to those skilled in the
art, for example solubilizers, such as xylenesulfonates or
cumenesulfonates, standardizing agents, such as sodium
sulfate, enzymes or scent oils.

The detergents according to the invention can be for
example pulverulent or liquid.

EXAMPLE 1

A. Preparation of serine-N,N-diacetonitrile

100 g (1 mol) of 309 strength by weight aqueous
formaldehyde solution are introduced initially, and a

solution of 52 g (0.5 mol) of serine in 250 g of water, first
brought to pH 8.5 with 37 g of 40% strength NaOH, is
added dropwise at from 20° to 25° C. in the course of
1.25 hours.

After 30 minutes of continued stirring at 25° C., 27 g
(1 mol) of hydrocyanic acid are added dropwise at from
15° to 20° C. in the course of 1.5 hours. Stirring is then
continued at 20° C. for 30 minutes until starting materi-
als are no longer detectable and complete conversion
has taken place.

455 g are obtained of approximately 20% strength
solution of serine-N,N-diacetonitrile (=98% of theory).
The compound isolated by freeze drying has no sharp
melting point and melts with decomposition.

Analysis:

C7H9N3O3 (183.16) calc. C 4590% H 4.959 N

22.949 0 26.21% obs. C 45.43% H 5.08% N 22.72% 0
26.76%.

B. Preparation of the trisodium salt of
serine-N,N-diacetic acid

The aqueous solution of serine-N,N-diacetonitrile
prepared under A 1s added dropwise at from 95° to 110°
C. to 102 g (1.02 mol) of 40% strength by weight aque-
ous sodium hydroxide solution in the course of 1 hour.
After a further 3 hours of stirring at 100° C. the evolu-
tion of ammonia is found to have ceased (a total of 0.94
mol).

The result is a clear, yellow, approximately 309
strength by weight aqueous solution of the trisodium
salt of serine-N,N-diacetic acid. (Yield: 390 g (=94% of

theory). The melting point of the 1solated salt 1s above
300° C.

C. Preparation of serine-N,N-diacetic acid

The aqueous solution of the trisodium salt of serine-
N,N-diacetic acid prepared under B is concentrated
under reduced pressure (aspirator) to about 50%
strength by weight. A pH of 2 1s set with concentrated
hydrochloric acid. The solution is then added dropwise
to 4 times the volume of methanol. The colorless pre-
cipitate obtained is filtered off and washed once more
with methanol. Drying leaves 98 g€86% of theory) of
serine-N,N-diacetic acid having a melting point of from
171° to 173° C.; cf. S. Korman et al., J. Biol. Chem. 221
(1956), 116.

EXAMPLE 2

30 g (0.5 mol) of glycolaldehyde are introduced ini-
tially 1in 100 g of water, and a solution of 66.6 g (0.5 mol)
of iminodiacetic acid in 120 g of water which has previ-
ously been brought to pH 7 with 40% strength by
weight aqueous sodium hydroxide solution is added
dropwise at 25° C. in the course of 30 minutes.
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13.6 g (0.5 mol) of hquid hydrocyanic acid are then
added dropwise at from 15° to 20° C. and at pH 7 in the
course of 45 minutes. This is followed by stirring at 30°
C. for 5 hours.

To etfect hydrolysis, the yellow solution obtained is
subsequently admixed with 51 g (0.5 mol) of 40%
strength by weight sodium hydroxide solution. The
ammonia formed is removed at 90° C. in the course of 4
hours.

The result obtained is an orange solution of the triso-
dium salt of serine-N,N-diacetic acid, from which the
acid 1s freed as described in Example 1C.

The yield 1s 65% of theory.

EXAMPLE 3
134 g (1 mol) of nitrilotriacetonitrile are dissolved in

450 g of ethanol. Triethylamine is added to set a pH of

9.5 (measured on a sample in 109% strength by weight
aqueous solution).

150 g (1.5 mol) of 30% strength by weight aqueous
formaldehyde solution 1s then added dropwise at 75° C.
in the course of 3 hours while a constant pH is main-
tained.

After 4 hours’ stirring at 75° C. the resulting solution
of hydroxymethylnitrilotriacetonitrile 1s added drop-
wise to 300 g (3 mol) of a hot 40% strength by weight
aqueous sodium hydroxide solution at 100° C. in the
course of 30 minutes. To effect hydrolysis, the mixture
1s heated at 100° C. for 4 hours until there 1s no further
escape of ammonia.

The solution of the trisodium salt of serine-N,N-dia-
cetic acid obtained is treated as per Example 1C to
liberate the free acid.

The yield 1s 55% of theory.

The tripotassium and triammonium salts obtained
from the free serine-N,N-diacetic acid each have melt-
ing points above 300° C.

Application properties
[. Determination of iron-complexing capacity

The inhibiting action of complexing agents on the
~ precipitation of iron(IIl) hydroxide is determined by
turbidimetric titration. The active substance (AS) under
test is introduced initially and titrated in alkaline solu-
tion with iron(Ill) chloride solution until turbid.

The titration is carried out automatically by means of
a Titroprozessor; in this titration, the light transmittance
of the solution is monitored with a light guide photome-
ter. The end point of the titration is indicated by the
appearance of turbidity. The end point indicates the
amount of bound iron and is a measure of the concentra-
tion of the complex formed relative to iron hydroxide.

In compounds having a dispersing action toward iron
hydroxide, the end point is usually preceded by a discol-
oration.

The extent of the discoloration (caused by colloidally
dispersed iron hydroxide) gives an indication of the
dissociation tendency of the complex formed. A rough
measure of this is the slope of the titration curve before
the equivalence point 1s reached. The slope is measured
in % transmission/ml of FeCl; solution. The reciprocal
values thus indicate the concentration of the complex.
Method:
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1 mmol of the active substance (AS) under test 1s

dissolved in 100 ml of distilled H>O. The pH is set to 10
with 1 N NaOH solution and kept constant during the
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titration. The titration is carried out at room tempera-
ture with 0.05 M FeClj solution at a rate of 0.4 ml/ min.
The complexing capacity is expressed as:

ml of FeCl; solution consumed

mol of Fe/mol of AS = 35

or

mi of FeCl3

solution consumed

mg of Fe/g of AS = MW a5

X 2790

II. Test of sodium perborate stabilization in wash
liquors

Principle

The hydrogen peroxide responsible for the bleaching

action in detergent formulations which contain sodium
perborate is catalytically decomposed by heavy metal-
ions (Fe, Cu, Mn). This is preventable by complexing
the heavy metal ions. The peroxide-stabilizing action of
a complexing agent is tested in terms of the residual
peroxide content after a heavy metal containing wash
liquor has been stored at elevated temperatures.

The hydrogen peroxide content is determined before
and after the storage period by fitration with potassium
permanganate in acid solution.

The perborate stabilization test is carried out using
two detergent formulations, and decomposition 1n the
course of storage at elevated temperatures is effected by
addition of heavy metal catalysts (2.5 ppm of a mixture
of 2 ppm of Fe3+, 0.25 ppm of Cu+ and 0.25 ppm of
MnZ+)

1. Phosphate-containing formulation

Composition (in % by weight):

19.39% of sodium Cj;-alkylbenzenesulfonate (50%

strength by weight aqueous soiution)

15.4% of sodium perborate . 4 H,O

30 8% of sodium triphosphate

2.6% of copolymer of maleic acid and acrylic acid

(50:50, average MW 50,000)

31.0% of sodium sulfate, anhydrous

0.9% of complexing agent according to the invention

or of a comparative compound.

The detergent concentration is 6.5 g/1 in water of 25°
German hardness. The storage conditions are 2 hours at
80° C.

2. Reduced phosphate formulation

Composition (in % by weight):

15% of sodium Cjs-alkylbenzenesulfonate (50%

strength by weight aqueous solution)

5% of adduct of 11 moles of ethylene oxide on 1 mole

of tallow fat alcohol

20% of sodium perborate . 4 H,O

6% of sodium metasilicate . 5 HyO

1.25% of magnesium silicate

20% of sodium triphosphate

31.75% of sodium sulfate, anhydrous

1% of complexing agent according to the invention,

or of a comparative compound.

The detergent concentration is 8 g/1 in water of 25°
German hardness. The storage conditions are 1 hour at

60° C.
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III. Determination of calcium-binding power:
Measurement principle

The inhibiting action of compiexing agents or disper-
sants on the precipitation of calcium carbonate is deter-
mined by turbidimetric titration. The substance under
test 1s introduced initially and titrated with calcium
acetate solution in the presence of sodium carbonate.
The end point is indicated by the formation of a calcium
carbonate precipitate. By using an adequate amount of 10
sodium carbonate it is ensured that the measurement
provides a correct result even if the action is due not
only to a complexing of calcium ions but also to a dis-
persing of calcium carbonate. For if the amount of so-
dium carbonate used is too small, there is a possibility 1
that the dispersing power of the product is not fully
utilized; in this case, the titration end point is deter-
mined by the precipitation of the calcium salt of the
compound under test.

During the titration the change in light transmittance
1s monitored by means of a light guide photometer. In a
light guide photometer, a light beam guided by a glass
fiber into the solution is reflected at a mirror and the
intensity of the reflected light is measured.

20

25
Reagents:
0.25 M Ca(OAc); solution
10% strength Na>COj solution
1 N NaOH solution
19 strength hydrochloric acid 30

Procedure:

| g of AS 1n the form of the trisodium salt is dissolved
in 100 ml of distilled H;O. 10 ml of 109% strength Nay.
(O3 solution are then added. An automatic titration is
carried out with 0.25M Ca(OAc): solution added con-
tinuously at a rate of 0.2 ml/min at room temperature

(RT) and a pH of 11, held constant during the titration,
and at 80" C. at pH 10.

35

Calculation:

Number of mg of CaCO3/g of AS=consumption of
Ca(OAc)r solution in ml X 25. In the automatic titration,
the 1st break in the titration curve is the end point.

The results obtained are summarized in Table 1: 45
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smaller molecular weight of NTA should be borne 1n
mind as well. The binding power for iron is almost three
times as high as that of NTA and EDTA.

The concentration of the complex formed, expressed
in 9% transmission/ml of FeCl3 solution, is many times
higher than with the ethylenediaminetetraacetic acid
complex.

The particularly surprising effect is the excellent
perborate stabilization of the relatively low molecular
weight N-containing compound to be used according to
the invention.

If used as a builder substance in standard detergent
formulations, good wash results are obtained, in partic-

ular as regards incrustation inhibition (as measured by

5 the ash content).

We claim:
1. Serine-N,N-diacetonitrile.
2. A process for preparing a compound of the formula

(I

N(CH;—CN); (1)

/
HO—CH>—CH

\
COX

wherein X is (1) —OM, wherein M is hydrogen, an
alkali metal 1on, ammonium ion or a tri(C;.4) alkyl
amine or a tri(C,.3) alkanolamine substituted ammonium
ion, or (ii) —NR-SR4 wherein R3 and R4 are identical or
different and each is hydrogen or C,.4 alkyl, which
COmprises:
reacting nitrilotriacetonitrile with formaldehyde in
the presence of a base catalyst within a Ph range of
from 7.5 12 at a temperature of from 0° to 100° C.
3. The process of claim 2 further comprising hydro-
lyzing the product of the process of claim 2 with an acid

or a base to prepare a hydrolyzed product of the for-
mula (II)

/N(CH:COOM):
HO—CH,=—-CH

\\
COX

(IT)

wherein X is as defined in claim 9, and M is hydrogen,

TABLE 1
Calcium Perborate
binding power stabilization
mg of CaCOjy/g [ron-binding power in {%]
of AS e transmission  Detergent
RT/ 80°C. _molof Fe’T mgof Fe’+ (at break point) formulation
pHI1l pH 10 mol of AS g of AS mi of FeCl; 1 2
Serine-N,N- 223 195 0.72 142 15 45.2 720
diacetic
acid/Najz
Na tn- 215 150
phosphate
NTA/Naj 350 250 0.25 54 11 24.5  32.5
EDTA/Nay 275 240 0.34 30 1.2 20 34.0

It follows from the results that the calcium-binding
power, in particular that at 80° C., is substantiaily better
than that of sodium triphosphate and less than that of
the sodium salts of NTA and EDTA, although the

65

an alkali metal 1on, ammonium ion, a tri(Ci.4) alkyl
amine or a tri(C;.3) alkanolamine substituted ammonium
101.

x E - x e
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